The aim of this study was to determine whether cervical diameter changes with age, parity or hormonal status, as we postulate that the cervical size can influence pelvic organ prolapse quantification (POPQ) staging, as apical stage 0 assumes a cervical diameter of ≤2 cm. We reviewed all hysterectomies performed at a single university-affiliated hospital and compared ex vivo cervical diameter based on parity, menopausal status and hormonal exposure. Specimen results were available for 127 women, mean age 48 years (rage 24-89), half were parous. Most (83%) surgical indications were benign. Of the 77 women whose menopausal status was known, 25 were postmenopausal. The mean cervical diameter was greater in women <55 years [3.5 cm, 95% confidence interval (CI) (3.4-3.6) vs 2.8 cm 95%CI (2.7-2.9)]. Parity was also associated with greater cervical diameter [3.4 cm, 95%CI (3.2-3.6) vs 3.0 cm 95%CI (2.7-3.3)]. Only three women had a cervix ≤2 cm. The cervical diameter is considerably larger in younger and parous women. Consequently, its size may, conceptually, affect the apical staging of POPQ. Such misclassification could obscure identification and affect interpretation of studies evaluating the natural history or outcomes following surgical treatment of prolapse.
Introduction
Since its introduction, the pelvic organ prolapse quantification (POPQ) system 1 has become the standard assessment tool for prolapse evaluation in both clinical practice and research. While the POPQ system has been shown to be reliable, 2 no anatomical validation study is available.
One area of controversy surrounds the distinction between stage 0 and stage 1 of the POPQ system. While it is generally agreed that POPQ stage 1 is asymptomatic, 3, 4 it is unknown whether stage 1 represents normal support or early but subclinical prolapse. Studies have identified a high prevalence of stage 1 pelvic organ support in populations unlikely to exhibit prolapse: 50% of women aged 18-29 years, 5 58% of nullipara of any age, 6 and 43-66% of primigravida in their second trimester. 5, 7 The correct classification of otherwise asymptomatic women as stage 0 and stage 1 is important not only for the accurate diagnosis and prognosis of individual patients, but also to better understand the natural history of prolapse. 8 Apical staging is based on the distance between the cervical leading edge (Point C) and the hymen during Valsalva. Stage I is defined as Point C being more than one cm above the hymen and 2 cm or more shorter than the total vaginal length (TVL) (i.e., -1 < Point C ≤ -[TVL-2 cm]). Since the cervix is naturally perpendicular to the long axis of the vagina when not held by the speculum (Figure 1 ), the bulk of the cervix may affect the location of Point C (Figure 2A and B). Specifically, a woman whose cervix exceeded 2 cm in diameter could never be classified as stage 0 (i.e., >TVL-2 cm), even in the absence of prolapse.
Surprisingly, there are few data on the size and variability of cervical diameter. Because the POPQ system was originally developed in a cohort of older women (mean age 61 years), the effects of age or parity on cervix size may not have been appreciated. The goal of our study was to characterize the size of the cervix based on age, parity and menopausal status.
Materials and Methods
We identified all hysterectomy specimens via electronic search of the hospital pathology database, from a two-year period in a 450-bed tertiary care teaching hospital. A single experienced pathology technician, unaware of the study, measured each specimen to the nearest millimeter using a ruler. While the sagittal (front-to-back) and coronal (right-to-left) plane diameters were measured, only the larger dimension was recorded, and is referred to as cervical diameter throughout. The cervical length was measured from the external to the internal os after sectioning. Cases were eligible if cervical measurements, age and final pathology were available. The Queen's University Research Ethics Board approved this study and waived consent.
A blinded research assistant performed a standardized review of the hospital and private office charts to obtain age, parity and hormonal exposure at time of hysterectomy. Hormonal exposure was categorized as endogenous (premenopausal), exogenous (post-menopausal using any estrogen therapy) or none (postmenopausal, having not used hormonal replacement for >6 months).
Cervical diameter and length were tested for normality (skewness, kurtosis, Shapiro-Wilk's W), and correlated with age using Pearson's or Spearman's correlation coefficients as appropriate. Cervix size was then compared analysis of variance between 10-year age strata (<35, 35-44, 45-54, 55-64, and ≥65 years) and differences identified (Tukey's post hoc test). Univariate analyses (Student's t test) compared the cervical diameter and length by parity (yes/no) and hormonal exposure (exo/endogenous versus none). Post hoc sensitivity analysis was performed by excluding subjects with a condition that might increase cervical size (cervical polyp, cervical fibroids, and cervical cancer).
Results
During January 2002 and December 2003, 145 hysterectomy specimens were processed of which 127 met inclusion criteria. The population sampled was typically middle-aged and of those for whom the hormonal exposure status was available (n=88), half were premenopausal (Table 1) . Of the 26 postmenopausal women, four were receiving exogenous estrogens. The final pathology identified mostly benign conditions (83%). Only eight women had a condition that might cause cervical enlargement: cervical fibroids (1 cm and 6 cm, n=2), cervical polyps (5 and 8 mm, n=4) and cervical cancer (n=2). The mean cervical diameter was 3.3 cm [95% confidence interval (CI) (3.2-3.5 cm)], normally distributed, and correlated inversely with age (Pearson's r=-0.40, P<0.001) ( Figure  3 ). As shown in Figure 4 and confirmed by Tukey's post hoc test, a breakpoint exists around 55 years of age. Specifically, 82% (79/96) of women younger than 55 years had a cervix ≥3 cm in diameter [mean 3.5 cm 95% CI (3.4-3.6 cm)], versus only 42% (13/31) of women 55 and older [mean 2.8 cm, 95% (CI 2.7-2.9 cm); pooled t-test for equal variance P<0.001]. Only three women (age 53, 61, and 73 year) had a cervix ≤2 cm in diameter. Furthermore, the cervix was on average 4 mm wider in parous women, and in women with either endogenous or exogenous hormonal exposure ( Table 2) .
The mean cervical length was 2.8 cm [95% CI (2.7-2.9 cm)], and not normally distributed. Six women had a cervical length ≤2 cm: of these, two women were less than 45 year-old. While a weak inverse correlation was noted between age and cervical length (Spearman's r=-0.21, P<0.02), no significant difference was found when subjects were classified by decade (Kruskal-Wallis c 2 test: 7.8, P=0.12).
The sensitivity analysis excluding women with a condition potentially increasing cervical size did not affect these results appreciably. Hormonal status was highly correlated with age and the independent effects of each variable could not be distinguished.
Discussion
We identified moderate but clinically and statistically important anatomical differences in cervical size with age, parity and hormonal status. These differences may impact the signification of stage I apical support.
These differences are large enough to potentially misclassify pelvic floor support staging using the POPQ system. The cervical diameter of most young and many older women exceeds 3 cm, a full centimeter longer than the 2 cm cut point used by POPQ to deter- 1 To measure the most distal edge of the cervix in its normal position, the speculum needs to free the cervix to prevent obstructing its movement during Valsalva (Figure 1 ). It has been our experience that the anterior lip of the cervix is the leading edge even in the women with retroverted uterus. This observation, also illustrated in the Standardization publication, 1 suggests that the sagittal diameter of the cervix determines Point C, and thus affects the staging of apical support. The cervix of a younger woman (Figure 2 ), being larger, fills the vaginal apex and places its leading edge closer to the hymen than that of an older woman (Figure 3) . Consequently the distance between the leading edge of the cervix and the hymen will necessarily be classified as apical support stage 1, even in the absence of any descent or defective support. Cervical length was not influenced by parity, age decades or hormonal status in this study. The length of the cervix might have an impact on staging and this is assumed to be demonstrated on POPQ by the determination of Point D in relation to Point C: a well-supported point D and a low Point C may represent a long cervix. Berger et al. found that total cervical length as obtained on magnetic resonance imaging (MRI) was associated with apical descent in women with stage II or greater anterior wall prolapse. 10 In support of this association between cervical length and prolapse, Berger et al. correlated both cervical length and difference between the measurements of point C and D with POPQ stage and found that women with prolapse (as defined as at least anterior wall reaching 1 cm outside of hymen) had longer cervix greater distance between point C and D. 10 However, this study had one major limitation: the cervical length was the total length measured on MRI, from the external to the internal os, which does not reflect the relationship between length of the vaginal portio, which arguably is the relevant one when support is assessed on physical examination during POPQ measurements. One can see that to reach Point C from Point D, one not only has to come down the length of the exocervix from D to the edge of the posterior cervix, but then across the cervical width to the edge of the anterior cervix, where is located One prior small study investigated the influence of hormonal state on cervical size, 11 which was congruent with ours. Bartoli et al. used MRI to assess the uterus of 16 volunteers: eight nulligravida on cyclical contraception, six women naturally cycling (one of them parous), and two nulliparous postmenopausal women (one on estrogen replacement). Postmenopausal women had a narrower cervix diameter (mean 2 cm, standard deviation 0 cm) than their premenopausal counterparts (mean 2.7 cm, standard deviation 0.4 cm), independent of hormonal contraception or timing in natural cycle. While the difference of nearly 1 cm between older and younger women was similar to our findings, the actual size of cervix in younger women was narrower than in our study, possibly due to differences in approaches (ex vivo versus in vivo), smaller sample size and low parity.
Article
Misclassification occurs when normal patients are deemed to have disease present or vice versa. Of course, one could simply deem that both stage 0 and 1 be classified as normal, especially given that stage 1 is thought by most, but not all, 9 to be asymptomatic. Both mild and subclinical degrees of pelvic organ descent should not be dismissed until we better understand the natural history and pathophysiology of pelvic organ prolapse. In fact, when the anterior vaginal wall reaches the hymen, most Point C can be found at -4.5 cm. 12 Such stage I support, while considered normal by most, is clearly associated with an abnormal overall support. It is thought that nearly 60% of the anterior wall support is provided by the apex. 13 Differentiating early mild prolapse from normal support is important to advancing this understanding. An analogy can be made with low-grade squamous epithelial lesion, which is not classified as normal, as it is considered a pre-clinical lesion that carries a risk (albeit small) of progressing into a clinically significant condition. Clearly, a woman who has a TVL of 8 cm and is classified as stage I based on a point C measured at -2 cm is not the same as another where point C is obtained at -5 cm. Our findings suggest that the arbitrary cutoff of TVL-2 cm may not be valid in most women based on measurements on anatomical specimens.
We acknowledge some important limitations. The independent effects of age and of hormone status could not be distinguished as too few older women were on estrogen replacement therapy and too few young women were estrogen deficient. Our sample size was too small to allow multiple group comparison or multivariate analyses. We could not distinguish between sagittal and coronal diameter as only the greater measurement was recorded on the pathology report. Most importantly, there was no preoperative evaluation of prolapse to correlate pathological finding with staging of support.
Conclusions
The cervix is considerably larger in diameter in younger and parous women. By POPQ design, cervix size may affect the apical staging of POPQ, staging a woman as stage I when there is no descent. Such misclassification could obscure identification and affect the interpretation of studies evaluating the natural history or surgical treatment of prolapse.
